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http://dx.doi.org/10.1016/j.jds.2012.1Abstract Background/purpose: The use of dental adhesives in everyday dental practice has
raised questions about their biologic safety. Their biocompatibility is a relevant aspect of the
clinical success of these materials. The objective of this study was to evaluate the genotoxicity
of dental adhesives ex vivo using a cytogenetic assay.
Materials and methods: Four materials (AdheSE, G-Bond, Excite, and Adper Single Bond 2)
were tested on human peripheral blood leukocytes using a comet assay. Prepared materials
were eluted in a saline solution for 1 hour, 1 day, and 5 days. The comet assay was used to
evaluate primary DNA damage by measuring the tail length and tail intensity. A Kruskall-
Wallis nonparametric test was used for the statistical analysis, with the significance level
set to P < 0.05.
Results: None of the tested dental adhesives revealed a statistically significant increase in the
tail length or tail intensity in treated leukocytes, independent of the applied dilution, elution
duration, and polymerization form. A slight increase in the tail length and intensity of DNA
molecules was observed after 1 and 5 days of the elution period at the lowest dilution
(1:102) for all tested adhesives, only in their nonpolymerized form; however, these results
were not statistically significant.
Conclusion: Under the conditions used in this study, all adhesives had acceptable biocompat-
ibility in terms of genotoxicity.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published
by Elsevier Taiwan LLC. All rights reserved.ntal Medicine, School of Medicine, University of Split, Soltanska 2, Split 21000, Croatia.
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The use of composite filling materials along with adhesive
techniques has revolutionized today’s dental practice.
Dental adhesives have evolved at a rapid rate over the past
decade. Significant advances in dentin bonding technology
have contributed to a large part of this success, at least in
the short term.1 The use of these materials in everyday
dental practice has raised questions about their biologic
safety. The biocompatibility of dental adhesives is an
important aspect of the clinical success of these materials.2
Biocompatibility and biologic tolerability define the
absence of any negative material properties that can
damage biologic systems by manifesting themselves
through various parameters (cytotoxicity, genotoxicity,
mutagenicity, carcinogenicity, histocompatibility, and
microbiologic effects).3 Measuring the biocompatibility of
a material is not simple. It is not possible to biologically
characterize a material using a single test. Different char-
acteristics can be explored via both in vitro and in vivo
tests.4e6 In vitro studies are primarily performed to eval-
uate the cytotoxicity (cell damage)7e9 or genotoxicity
(specific DNA damage or chromosomal aberrations)10e12 of
dental materials. A comet assay or single-cell gel electro-
phoretic assay is an uncomplicated and sensitive technique
for detecting DNA damage at the level of individual
eukaryotic cells. This technique does not require cell cul-
tivation; it detects primary DNA damage in situ at the level
of each individual cell. The comet assay is used to detect
single- and double-strand breaks and other alkali-labile
sites on DNA. The high sensitivity of the comet assay was
used to evaluate the genotoxic potential of various chem-
ical and physical agents.13,14 To quantify DNA damage by
the comet assay, the tail length (mm) and tail intensity (%
DNA) are most frequently used. The tail length determines
the length of DNA migration and is directly related to the
DNA fragment size and extent of DNA damage. Theoret-
ically speaking, a higher damage rate would produce
smaller-sized fragments that will be pulled during electro-
phoresis to greater distances from the core resulting in
a longer tail of the comet. It is calculated from the center
of the nuclear core. The tail intensity denotes the amount
of DNA fragments which directly indicates the proportion of
the genome affected by the damage.13e15
Different cell cultures are commonly used for cytotox-
icity and genotoxicity evaluations.16,17 Due to their culti-
vation in vitro for many generations, those cells undergo
several genomic transformations. Therefore, in studies
attempting to record even minimal effects on the DNA
level, primary cultures of isolated diploid cells, like human
leukocytes, are preferable. Normal diploid cells have
mitotic rates and mitochondrial functions relatively similar
to in vivo conditions and differ from those of transformed
or tumors cells.18 Therefore, the response and susceptibil-
ity of leukocytes toward treatment with a genotoxin will
more likely correspond to cells which are directly exposed
to the particular harmful substance.
Dental adhesives that create a stable relationship with
biologic tissues and allow both healing and tissue differ-
entiation are considered biocompatible. The scientific ev-
idence on adhesives is contradictory. Some authors claimedthat they are very safe and can be used even in direct
contact with the pulp,19,20 while others believe that they
are not suitable for direct pulp capping due to reported
associated symptoms of persistent inflammation.21e23 Some
also claim that dental adhesive systems contain certain
components that can be released into the oral environment
and show biologic activities (cytotoxicity, carcinogenicity,
mutagenicity, genotoxicity) in the body.24e27 Acidic and
nonacidic components of nonpolymerized adhesives are
considered responsible for the cytotoxic effects on the
dentinepulp system. Certain components of dental adhe-
sives such as hydroxyethyl methacrylate (HEMA) and tri-
ethylene glycol dimethacrylate (TEGDMA) can be dissolved
in water and therefore leach out and cause different ef-
fects in the body. So far, many cytotoxic reactions have
been attributed to these components, but in high concen-
trations (HEMA concentrations of >106 M and TEGDMA
concentrations of >103 M), they have been also identified
as genotoxic or mutagenic in vitro.28,29
In our work, we focused on four commercially available
adhesives widely used in restorative dentistry. The aim of
the study was to test their possible genotoxicity ex vivo in
human leukocytes in relation to the duration of the elution
period and the polymerization form. The potential genetic
risk was evaluated by a comet assay as a standard and
sensitive cytogenetic method.
Materials and methods
Blood sampling
The potential genotoxicity of dental adhesive systems was
evaluatedon leukocytes obtained fromthree young, healthy,
nonsmoking voluntary donors. The donors included one man
and two womenwith ages ranging from 25 to 28 (mean, 26.7)
years. Theyhadnot been exposed to any physical or chemical
agents that might have interfered with the results of the
genotoxicity testing within a period of 1 year prior to blood
sampling. The volunteers were acquainted with the purpose
of the study and signed permission for the blood samples to
be used for scientific purposes. A peripheral blood sample
(5 mL) was collected under sterile conditions by ven-
ipuncture into heparinized tubes (Becton Dickenson, Ply-
mouth, UK) on November 21, 2011 and January 23, 2012. The
study was approved by the Ethical Committee of the School
of Dental Medicine, University of Zagreb, Croatia.
Preparation of materials and cell culture treatment
In the present study, four dental adhesives were tested:
AdheSE (Ivoclar Vivadent, Schaan, Liechtenstein), G-bond
(GC, Tokyo, Japan), Adper Single Bond (3M ESPE, St. Paul,
MN, USA), and Excite (Ivoclar Vivadent). Their composi-
tions, as provided by the manufacturers, are presented in
Table 1. Under aseptic conditions, systems were prepared
in accordance with the manufacturers’ instructions.
To test the genotoxicity of nonpolymerized materials,
the dental adhesives were placed in previously weighed
bottles (Sartorius BLG10S, Goettingen, Germany). The mass
of each dental adhesive was calculated from the difference
Table 1 Composition of dental adhesives (manufacturer information).
Dental adhesive
systems
Manufacturer (lot number) Composition Solvent
AdheSE Ivoclar Vivadent, Schaan, Liechtenstein
(Primer: LO4559; Bond:LO1934)
Primer: acrylic ether phosphonic acid,
bisacrylamide, CQ, stabilizers
Bonding: Bis-GMA, GDMA, HEMA, fumed
silica, CQ, tertiary amine, stabilizers
Water
Excite Ivoclar Vivadent, Schaan, Liechtenstein
(M29493)
Bis-GMA, HEMA, glycerine dimethacrylate,
phosphoric acrylates, silica, initiators,
stabilizers
Ethanol
Adper Single
Bond 2
3M ESPE, St. Paul, MN, USA (N177065) Bis-GMA, HEMA, dimethacrylate, silica,
methacrylate copolymer, polyacrylic and
polyitaconic acid, photoinitiators
Ethanol, water
G-bond GC, Tokyo, Japan (C0086) 4-META, phosphoric ester-monomer, UDMA,
TEGDMA, stabilizer, silica filler, photoinitiator
Acetone, water
4-METAZ 4-methacryloxyethyl trimellitate anhydride; Bis-GMAZ bisphenol A-glycidyl methacrylate; CQZ camforquinone; HEMAZ 2-
hydroxyethyl methacrylate; TEGDMA Z triethylene glycol dimethacrylate; UDMA Z urethane dimethacrylate.
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adhesive, 1 mL of saline solution was added (0.9% NaCl,
Sigma, St. Louis, MO, USA) for the purpose of elution.
To test the genotoxicity of polymerized dental adhe-
sives, each one was polymerized in accordance with the
manufacturer’s instructions using an Elipar TriLight
halogen-curing unit (3M ESPE) from a 2-mm distance for 40
seconds. To ensure complete polymerization, only two
drops of an adhesive were cured at a time. After poly-
merization, the dental adhesives were fragmented and
transferred into bottles. The mass was calculated in the
same way as for the mass of nonpolymerized material and
diluted with a saline solution in the same manner as
described for nonpolymerized samples. We tended to use
the same masses of dental adhesive samples (1 g) regard-
less of whether they were polymerized or nonpolymerized.
Each dental adhesive eluate was tested after 1 hour, 1 day,
and 5 days in two different dilutions of eluate (1:102 and
1:104) for each time point.
Cultures for cytogenetic testing were set up at the end
of the elution period. One milliliter of primary leukocyte
culture containing 5.6  106 cells was introduced into 9 mL
of F-10 HAM medium (Sigma) without the addition of fetal
bovine serum or mitogen. Leukocytes were treated with 1
and 100 mL of eluates obtained from each of the tested
dental adhesives to respectively simulate final mass con-
centrations of 0.1 and 10 mg of materials/mL. Simulta-
neously, negative control cultures were treated with 100 mL
of a saline solution (0.9% NaCl, Sigma). As a positive con-
trol, 1 mmol/L hydrogen peroxide was used. After the
treatment period (48 hours at 37C in a 5% CO2 atmo-
sphere), cultures were centrifuged for 10 minutes at 70 g,
the supernatant was discarded, and cells were transferred
into a sterile tube (Nange Nunc International, Naperville,
IL, USA). They were resuspended and sampled for vital
staining and the comet assay.
Cytotoxicity testing
Leukocyte viability was tested using the trypan blue
exclusion technique.30 Fifty microliters of the leukocytelayer was mixed with 50 mL of 0.4% trypan blue (Sigma),
dropped onto a microscope slide, and covered with a cover
slip. Specimens were analyzed using an Olympus CX 40 light
microscope (Tokyo, Japan) under 100 magnification. For
each concentration tested, 1000 leukocytes were analyzed
by counting unstained (viable) cells. Blue-colored cells
were considered to be nonviable.30
At the end of the cultivation period, the pH of each cell
culture was additionally checked with a SevenEasy pH
meter (Metler-Toledo, Schwertzenbach, Switzerland), and
a pH indicator in the medium showed no changes in the pH
value.
Comet assay
The comet assay was carried out under alkaline conditions
as described by Singh et al.31 All chemicals used to perform
the comet assay were obtained from Sigma. Five microliters
of the sediment containing leukocytes was suspended in
100 mL of 0.5% low-melting-point agarose. This agarose
layer was sandwiched between a layer of 0.6% normal-
melting-point agarose and a top layer of 0.5% low-
melting-point agarose on fully frosted slides. Slides were
coded and kept on ice during polymerization of each gel
layer. After solidification of the 0.5% agarose layer, slides
were immersed in a lysis solution (1% sodium sarcosinate,
2.5 M NaCl, 100mM Na2EDTA, 10mM Tris-HCl, 1% Triton
X-100, and 10% DMSO) at 4C. After 1 hour, the slides were
removed from the lysing solution, drained, and placed in an
electrophoresis buffer (0.3 M NaOH and 1mM Na2EDTA, at
pH 13) at 4C for 20 minutes to allow the DNA to unwind.
Electrophoresis was conducted on a horizontal electro-
phoresis platform in fresh, chilled electrophoresis buffer
for 20 minutes at 300 mA and 19 V. After electrophoresis,
slides were neutralized with Tris-HCl buffer (pH 7.5) three
times for 5 minutes each and stained with ethidium bro-
mide (20 mg/mL) for 10 minutes. Two slides per material per
concentration per polymerization form per time point were
analyzed using an Ortoplan epifluorescence microscope
(Leitz, Wetzlar, Germany) at 250 magnification. One
hundred comets per slide were analyzed by the comet assay
40 A. Tadin et alII automatic digital analysis system (Perceptive In-
struments, Halstead, UK) by measuring the tail length and
intensity (% DNA). For the purpose of the analysis, the fol-
lowing were ignored: the edges and eventually damaged
parts of the gel as well as debris, superimposed comets,
comets of uniform intensity, and comets without a distinct
head (i.e., ‘clouds’, ‘hedgehogs’, and ‘ghost cells’).
Statistical analysis
The comet test results (4 materials which were polymerized
and nonpolymerized, 3 time points, 2 dilutions, and 100
comets) were tested by the Kruskal-Wallis test to deter-
mine the statistical significance. The level of significance
was set to 0.05. All calculations were performed using the
commercial software, Statistica 5.0 (StatSoft, Tulsa, OK,
USA).
Results
Before testing, concentrations of the dental adhesives were
selected based on the cytotoxicity results. The trypan blue
exclusion test showed that the viability was >85% for each
material at a dilution of >1:102. To avoid the influence of
the cytotoxicity of the material on the results of the gen-
otoxicity analysis, the same or larger dilutions of the above
were used. The pH value in the cell culture remained at
7.23  0.04, which is, according to the manufacturer, the
regular pH value.
The comet test determined the level of primary damage
to DNA molecules of leukocytes after treating them with
different dilutions of eluates of dental adhesives, depend-
ing on the length of time they were rinsed in the saline
solution. The increased migratory capacity of DNA mole-
cules in the agarose gel was evaluated by two basic pa-
rameters of the comet tail: its length and the intensity of
its fluorescence. For each dilution, elution duration, and
polymerization state, 100 comets were analyzed (Tables 2
and 3). None of the tested dental adhesives revealed
a statistically significant increase in tail length or tailTable 2 Tail length and tail intensity of leukocytes exposed to
Dental
Adhesives
Form Tail le
1 h 1
AdheSE Nonpolymerized 15.73  0.23 1.42  0.28 15
Polymerized 15.21  0.31 1.54  0.16 16
G-bond Nonpolymerized 15.42  0.27 1.67  0.19 16
Polymerized 15.95  0.23 1.11  0.17 15
Adper Single
Bond
Nonpolymerized 15.92  0.31 1.29  0.37 17
Polymerized 15.71  0.25 1.17  0.28 16
Excite Nonpolymerized 15.77  0.24 1.64  0.32 16
Polymerized 15.63  0.37 1.17  0.16 16
Negative
control
15.54  0.38 0.83  0.19 15
Positive
control
43.92  12.70* 36.4  26.71* 43
*P < 0.05 vs negative control; positive control 100 mL of 1mM H2O2, 1intensity in treated leukocytes, independent of the applied
dilution and elution duration (Fig. 1). A slight increase in
the migratory ability of DNA molecules was observed after
1 day of elution only at the lowest dilution (1:102) of eluate
for all tested adhesives, but only in their nonpolymerized
form. However, these values were not statistically signifi-
cant. For the same eluates of the same dental adhesives,
a statistically insignificant increase in the intensity of the
tail was observed. After 5 days of elution, the migratory
ability of DNA molecules of leukocytes treated with the
1:102 dilution of the non-polymerized adhesive eluate was
still elevated, although with no difference from those after
1 day of elution. Also, the same dilution of all dental ad-
hesives in polymerized form led to a slight increase in tail
length and intensity.
Discussion
The present study deals with possible genotoxic influences
of four different dental adhesive systems: AdheSE, G-Bond,
Adper Single Bond 2, and Excite. This ex vivo investigation
was performed using a comet assay on human leukocytes.
The method detects the level of primary DNA damage in
leukocytes resulting from direct interactions between
monomers leached from the material and DNA.13 Testing of
the possible genotoxic potential of these adhesive systems
with a comet assay showed no differences between them
regardless of the time of elution, polymerization form, or
dilution. According to the present results, it was suggested
that the concentrations of residual monomers leached
from polymerized and nonpolymerized materials under the
experimental conditions were too low to exhibit genotoxic
activity.
Even though a small increase in the migratory ability of
DNA molecules was observed after elution of non-
polymerized adhesives for 1 and 5 days only for the lowest
dilution, the differences were not statistically significant
from the negative control. These results were surprising,
since HEMA and/or TEGDMA are constituents of the tested
adhesive systems. Numerous studies have identified thesea 102 elution of dental adhesives.
ngth (mm) mean  standard error
d 5 d
.91  0.49 2.29  0.45 15.72  0.20 1.34  0.17
.73  0.29 1.87  0.35 16.21  0.27 2.11  0.18
.12  0.67 2.64  0.24 15.58  0.20 1.24  0.26
.54  0.28 1.77  0.43 16.56  0.28 2.47  0.26
.15  0.45 2.46  0.33 15.92  0.23 1.24  0.24
.08  0.42 1.53  0.23 16.73  0.28 2.46  0.27
.26  0.34 2.12  0.29 16.62  0.28 2.42  0.39
.54  0.36 1.98  0.18 16.78  0.23 2.08  0.28
.61  0.54 1.37  0.28 15.54  0.51 1.29  0.2
.98  12.70* 36.42  26.7* 43.92  12.74* 36.42  26.74*
5 minutes; negative control 100 mL of 0.9% NaCl, 4 hours.
Table 3 Tail length and tail intensity of leukocytes exposed to a 104 elution of dental adhesives.
Dental
Adhesives
Form Tail length (mm) mean  standard error
1 h 1 d 5 d
AdheSE Nonpolymerized 15.36  0.22 1.56  0.26 15.62  0.43 1.74  0.26 15.30  0.18 1.08  0.24
Polymerized 15.38  0.36 1.48  0.25 16.68  0.48 1.77  0.29 15.78  0.30 1.85  0.21
G-bond Nonpolymerized 15.68  0.21 1.16  0.26 16.82  0.48 1.71  0.18 15.18  0.25 1.39  0.22
Polymerized 15.68  0.28 1.41  0.38 15.64  0.32 1.08  0.25 15.85  0.25 1.76  0.21
Adper Single
Bond
Nonpolymerized 15.76  0.30 1.20  0.20 15.78  0.58 1.40  0.32 15.64  0.24 1.29  0.28
Polymerized 15.82  0.22 1.83  0.46 15.79  0.38 1.72  0.41 15.69  0.19 1.11  0.15
Excite Nonpolymerized 15.64  0.47 1.64  0.43 15.58  0.38 1.71  0.43 15.28  0.26 1.69  0.39
Polymerized 15.38  0.26 1.30  0.32 15.64  0.18 1.59  0.28 15.74  0.26 1.40  0.22
Negative
control
15.54  0.38 0.83  0.19 15.61  0.54 1.37  0.28 15.54  0.51 1.29  0.2
Positive
control
43.92  12.70* 36.4  26.71* 43.98  12.70* 36.42  26.7* 43.92  12.74* 36.42  26.74*
*P < 0.05 vs. negative control; positive control 100 mL of 1mM H2O2 15 min; negative control 100 mL of 0.9% NaCl, 4 hours.
Genotoxic potential of dental adhesives 41molecules as being responsible for the cytotoxicity and
genotoxicity of dental materials.11,22,25,32,33 Both mono-
mers are small, water-soluble molecules able to migrate
from insufficiently polymerized materials and penetrate
through dentine tubules into the pulp.25,26,34 Resin mono-
mers are suspected of disrupting the cellular redox system
and causing the excessive formation of reactive oxygen
species,34e36 which were proposed as underlying mecha-
nisms for the induction of apoptosis and DNA damage.29,37
In the present study, the exact concentrations of HEMA
and TEGDMA were not provided by the manufacturers.
Because of this, we can only speculate that they were
present in concentrations that were not sufficiently high to
cause DNA damage detectable by the comet assay.
Within the last decade, only a few studies evaluated the
genotoxic potential of dental adhesive systems using
a comet assay on human blood cells. Therefore, it isFigure 1 Representative illustration of the comet assay, taken
control; (B) leukocytes treated with a 104 elution of the polymerdifficult to compare the results of this study to other in-
vestigations. Many studies tested the genotoxic effects of
isolated monomers, in attempts to identify those respon-
sible for genotoxicity.38e42 However, this is not similar to
a clinical situation. Concentrations needed to elicit re-
actions in mutagenicity experiments27 are higher than
those expected in materials that are used on patients.43
In vivo investigations with quantitative measurements of
monomers released from humans are lacking, but a series
of studies conducted on guinea pigs determined that
despite using a high administered dose of TEGDMA, peak
TEGDMA levels in all tissues examined after 24 hours were
at least 105-fold less than known toxic levels.44e46 In
addition, it is well known that not all of the unreacted
monomers from dental adhesives are able to leach out into
the oral environment.47,48 Miletic et al49 determined that
most of the unreacted monomers leached out within theunder an Ortoplan epifluorescence microscope. (A) Negative
ized form of the AdheSE adhesive system; (C) positive control.
42 A. Tadin et alfirst 24 hours after immersion in 75% ethanol. The concen-
tration of HEMA which leached out of polymerized Excite
adhesive was 27 ppm/mg after 24 hours, whereas for un-
cured material, 8.6 wt% was released. It is important to
note that these values cannot be extrapolated to a clinical
situation, where the elution medium is saliva, not ethanol.
In vivo, the salivary flow (0.3 mL/minute of unstimulated
saliva and 1.5e2.0 mL/minute of stimulated saliva50) con-
stantly diminishes the concentration of monomers released
from resin systems. Therefore, we believe that the condi-
tions used in the present study were more similar to actual
conditions in the oral cavity.
In this study, cytotoxic effects of the released monomers
were excluded by setting the threshold to 85% of viable
cells, conditioning the use of higher dilutions. Therefore,
the dilution of the adhesive eluates was rather high, which
might have been the reason for the low genotoxicity
obtained in this study. By contrast, other studies used
smaller dilutions and known concentrations of resin mono-
mers. The only similar study, which used the same test and
cell culture system, but with other test materials, was that
by Kaya et al.51 They evaluated the genotoxicity of four
different adhesives in vitro in human lymphocytes at dif-
ferent elution concentrations, using a comet assay. In that
study, Clearfil SE Bond primer at concentrations of 2.5 and
5.0 mg/mL caused DNA damage to human lymphocytes,
whereas Clearfil Protect Bond primer induced DNA damage
only at the higher concentration of 5.0 mg/mL compared
with the controls. The present study utilized concentra-
tions of 1 and 10 mg/mL, which were apparently insufficient
to cause genotoxic effects.
In the present study, none of the adhesive systems
revealed a statistically significant increase in length tail or
tail intensity. This is in contrast to a study by Prica et al,52
who evaluated the genotoxicity of five different dental
adhesive systems: Adper Single Bond, Adper Single Bond 2,
Prompt L-Pop, Excite, and OptiBond Solo. The genotoxic
effect was established after a 24-hour elution period at the
lowest dilution used in that study: 1:105. However, only
Adper Single Bond 2, Excite, and OptiBond Solo Plus
induced DNA damage after the same period, at a 1:106
dilution. Genotoxic effects increase with the concentration
of dental adhesives and decrease with time. Even though
concentrations of eluates in the present study were higher,
the opposite results can possibly be ascribed to differences
in methodology. In that study, genotoxicity was assessed on
human lymphocytes in vitro using a chromosomal aberra-
tion analysis, whereas we used a comet assay. Arossi et al53
investigated the genotoxicity of Adper Single Bond Plus and
PrimeBond 2.1 on Drosophila wing spots. Adper Single Bond
Plus induced statistically significant increases in the fre-
quency of total spots at the highest concentration tested,
while Prime&Bond 2.1 was positive at all concentrations
tested. Their findings indicate that both adhesives induced
toxic events, with mitotic recombination being the main
mechanism of action.
Investigating potential genotoxic effects arising from
dental materials, including dental adhesive systems, is
a delicate task. It requires special caution during the
preparation of materials and processing of data, without
which both results and their clinical implications may be
impaired. Within the limitations of the present study, it wasconcluded that the tested adhesives did not have genotoxic
potential, but controversy about the biocompatibility,
genotoxicity, and selection of the experimental model
found in the available literature justifies further research in
this area. As dental adhesives remain in close contact with
living dental tissues over a long period of time, information
on their possible genotoxicity and carcinogenicity should be
clarified in the near future.
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